The approach of integrating art with STEM, also known as STEAM (Science, Technology, Engineering, Art, and Math), has gained tremendous popularity over the last several years, in large part due its potential to enhance science learning and broaden participation in science (Vossoughi & Bevan, 2014) . However, the field is still nascent with respect to a guiding set of best practices. Unless close attention is paid to using meaningful STEAM practices, including those that support identity development and equity, STEAM is unlikely to fulfill its promise. In this essay, we present a new model for thinking about STEAM, including proposing a set of core STEAM practices that draw on disciplinary practices of art and science. We then provide two examples of STEAM practices in action with respect to activities that integrate biology and chemistry with art. Finally, we offer a set of design recommendations to those wishing to develop impactful STEAM activities. These principles are broadly applicable to science learning in diverse contexts and settings, both in and out of school.
STEM-related careers and hobbies has its ontogeny in sustained interest in science. However, it is well-documented that science interest sharply decreases around middle school age, particularly among girls and those from non-dominant cultures (Kahle et al., 1994; Jones et al., 2000; Murphy & Whitelegg, 2006; Baram-Tsabari & Yarden, 2010) . This pattern is rooted in sociocultural practices that are generally embedded in formal learning settings, such as a strong emphasis on competition and performance, rather than on collaboration and growth (e.g. Tomlinson, 2013) . Such practices are often at odds with the culture of many students (e.g. Brickhouse & Potter, 2001; Carlone & Johnson, 2007) . Indeed, entering a science classroom has been likened to a "border crossing" into an unfamiliar culture (Aikenhead, 1996) , where the majority of students do not see science as relevant to their interests and concerns (Aikenhead, 2001; Archer et al., 2012) . Instead, they perceive science as something that is boring, uncreative, and passionless (Miller et al., 2006; Basu & Calabrese Barton, 2007; . STEAM, the now widespread movement to integrate STEM (Science, Engineering, Technology, and Math) with art, has the potential to ease these border crossings and build interest and engagement in STEM, based on youth's widespread interest in art, design, and making (Vossoughi et al., 2016) . Even though STEAM is a fairly new arena, there is already emergent evidence for significant impacts on youth with respect to a suite of outcomes associated with science learning, such as deepened engagement in STEM practices (Brahms, 2014) , increases in interest, identity, and STEM content knowledge (Vossoughi & Bevan, 2014 ) and development of design thinking (Peppler, 2013; Norris, 2014) . In a program developed by the authors that merged art, biological, and physical sciences (Colors of Nature) the external evaluation found positive changes among participants (5 th -7 th grade girls) with respect to attitudes about science, interest in science, knowledge about the nature of science, self-concept of science ability, and self-concept of art ability (Larson et al., 2017) . Additionally, our research showed that participating girls underwent identity shifts towards science through connecting science with everyday life and by seeing new ways in which art and science overlap (Tzou et al., 2014) . In particular, girls started to articulate ways in which science uses creativity, and ways in which science and art were relevant to their everyday interests and concerns ).
As illustrated above by the learning outcomes that are associated with STEAM, this approach holds vast potential for promoting learning and connecting diverse learners to the sciences. However, despite the explosion of activities labeled as "STEAM", the field currently lacks a well-articulated framework with respect to STEAM best practices. We posit that, without purposeful design and implementation, the impact of STEAM activities will be limited. 
STEAM Practices
What does it mean to authentically do STEAM? Science and art are widely seen as distinct disciplines, with little overlap (Mishra & Henriksen, 2012; Henriksen, 2014 scientists, create models as part of the process of developing and refining their work. Implicit in both disciplines is the employment of creativity to generate new ideas and products.
In our view, an authentic enactment of STEAM requires use of both science and art practices, but in a selective fashion that overlaps with identity-building practices. Thus, the STEAM practices that we set forth are a subset of science and art disciplinary practices that deeply incorporate scientific and artistic thinking, making, and experimentation in ways that intersect with learners' interests (Table 1) . Activating interest and personal relevance among youth is the first step on a pathway towards deeper identification with science, which is central to developing life-long science engagement (National Research Council, 2009) , and thus, is also central to broadening participation in science. One who identifies with science goes beyond "liking" science, but instead identifies as a person who is comfortable with, and uses, science in their everyday life. Practices that build science identity should thus be at the forefront of thinking when considering a STEAM approach that can broaden participation in science.
L. D. Carsten Conner et al. Our STEAM model stresses leveraging science concepts in the service of creating art that has an aesthetic or personal meaning. What differentiates this from making a working model or prototype that is typical in science instruction is the added personalization of the artifact to a learner's own purposes or identities (Qi et al., 2016) . Although a product is created in a STEAM activity, the disciplinary focus is on process, rather than the product itself, which acknowledges that the meaning in art emerges from engaging in the process rather than being limited to the product. This focus on process over product also helps promote self-compassion, rather than self-judgment, around the act of creating (e.g. Neff et al., 2005; Zabelina & Robinson, 2010) . It has long been recognized that youth become extremely self-critical of their own art around late elementary school age, and can stop participating as a result (Lowenfeld, 1957; Burton, 2009 ). Our STEAM practices have the potential to quiet the inner negative voice and allow youth to fully engage in the activity. Similarly, open exploration in concert with intentionality around design is critical in order to build a sense of agency, which is core to building a science identity (Murphy & Hall, 2008) and can also serve to counteract negative self-judgement. This intentionality includes the use of genuine disciplinary tools from both art and science, as well as making choices about medium, technique, and composition in support of an artistic vision.
Iteration is another core STEAM practice. As Peppler and Hall (2016) argue, "trying to understand why designs fail and making changes so that it ultimately succeeds creates an opportunity for the learner to refine their understanding of the concept being modeled" (p. 143). Finally, communication to audiences in a way that conveys the personal and scientific meaning of the artwork is another critical STEAM practice. This act of creating and communicating allows students to connect their science/art making with everyday life, which is also important for building identity (Basu & Calabrese Barton, 2007) . Further, we argue that the motivation for communicating a message or meaning through artwork also pushes learners to refine and iterate their designs, reinforcing this core practice of both science and art. We believe that by incorporating these STEAM practices into the design of STEAM activities, we can help lower barriers to engaging in both science and art, promote views of science as creative rather than rote, and build identification with science among youth. The key to the creation of this type of STEAM activity is a coherent, intentional, and well-integrated 
Examples of STEAM Practices in Action
We offer two examples from our own work which are illustrative of our approach. In the first example, we ask students to create a painting using red cabbage dye as the medium, after an iterative exploration of acid/base chemical reactions. In the second example, we ask students to storyboard and shoot a stop-motion animation that illustrates a fictional story based on a real biological function of color in nature (e.g. mimicry, camouflage, warning, or display). In both of these examples, the art produced by the learners not only represents an understanding of scientific principles such as pH or biological mimicry, but they are also personal and artistic expressions realized through the process of exploring possible visual outcomes, evaluating those outcomes, and making iterative, intentional, aesthetic decisions to create the finished artwork. In other words, learners materialize their understandings of scientific concepts in a creative form.
Example 1: Painting with Chemistry
In the red cabbage painting challenge, youth investigate how chemical reactions can affect color as they use acids and bases to change the color of the pigment 
Example 2: Function of Color through Stop Motion Animation
In the stop motion video design challenge, youth first explore and categorize different functions of color in nature by looking at many examples of coloration of organisms (plants & animals) in nature. They learn about four specific biological functions of color-camouflage, warning, mimicry, and display-and why they are important for survival of individuals within a species. Emphasis is placed on the role of natural selection in driving the evolution of traits. The learners continue their exploration of this idea by choosing a biological function of color that they want to depict through the creation of a stop motion animation. They choose the "characters" (organisms), design the "backdrop" (environment that the organisms live in), and create a storyboard to plot the action across a sequence of frames. As they think through what will be depicted in each frame, they consider: 1) how the character(s) will move, 2) how the scenery will change, and 3) how the overall story depicts their chosen function of color. They determine the action for each frame (which consists of about 10 still pictures), and at the end of the storyboarding process they evaluate whether their movie communicates their intended message. After a tutorial in movie making software (e.g. iMovie), they set up their cameras to capture their animation. While shooting the animation, they systematically frame their shots, moving the camera and repositioning it so that it captures the background and characters in a way that is consistent with their storyboard. As they shoot the still frames, they need to constantly check to make sure their characters and backdrops are properly framed, as well as referring back to their plans to make sure they are telling the story according to their planned sequence of events. The learners then engage in iteration by evaluating and editing the movie with respect to framing, sequencing, and conceptual communication.
In this activity, we see an integration of the artistic processes of storytelling, The end result is an animation that deeply applies a scientific idea to personally relevant artwork.
Design Recommendations
In sum, we argue that for STEAM to reach its full potential in promoting equity and broadening participation in science, close attention should be paid to incorporating the STEAM practices outlined in this essay into any activity labeled as "STEAM." The core practices we articulated in this essay are rooted in ideas about supporting the development of science identities, thus setting learners on a lifelong path of science learning in and out of school. In this final section, we offer some practical recommendations for instructional designers who wish to develop STEAM learning activities.
Recommendation 1: In designing a STEAM activity, draw on disciplinary practices of both science and art. Articulating which disciplinary practices and concepts are going to be represented should be the first step of designing a STEAM activity. We feel that the inclusion of the core STEAM practices we have identified above are critical. However, there are often opportunities to focus on additional science and art disciplinary practices in many STEAM activities.
Mapping these practices to desired learning outcomes is a fruitful way to assure their inclusion.
Recommendation 2: Create spaces and places that offer opportunities for learners to engage in meaningful STEAM practice. In the sociocultural view of learning, the place, social context, and affordances of the setting are inseparable from the learning that takes place there (Bell et al., 2012) . We suggest that learners have the chance to use genuine science and art tools, have opportunities to engage in open exploration rather than rote practice, and have the chance to discuss ideas and communicate with others about their work.
Recommendation 3: Use strategies that tackle the "inner negative voice" that can limit creativity and the willingness to engage or try. We suggest that the lurking presence of the inner negative voice be explicitly addressed. We also suggest the adoption of strategies that help calm this voice. Talk to learners about how the inner negative voice can shut down creativity, and how it can limit engagement. Include opportunities for iteration, so that students have more than one opportunity to achieve a desired outcome. In addition to being a core practice of art and science, iteration can help learners focus more on process rather than product. Break down tasks into manageable chunks, and employ meaningful constraints around challenges. These design choices help maximize creativity among learners.
Recommendation 4: Use practices that promote identification with science among diverse learners. In addition to integrating the core STEAM practices, find opportunities to illustrate how the content of your activity connects to everyday life. Give learners choices that promote agency and a sense of learner con- Explicitly identify how science is a creative endeavor, in contrast to commonly held beliefs.
Conclusion
In conclusion, we feel that the model we set forward in this essay has the potential to move the field of STEAM forward by offering: 1) an articulation of STEAM practices that represent intersections between science and art in a way that promotes identification with science; and 2) a set of best practices for designing and enacting STEAM activities. In our view, the best enactments of STEAM involve close attention to core practices of both art and science, rather than only using once of these disciplines in the service of the other. A critical piece of this approach is allowing learners to express science concepts through artwork that embodies the expression of personal and/or aesthetic meaning. The guidance we propose in our design recommendations should help allow educational designers to reach the often stated-goal of STEAM activities with respect to engaging learners in science, ultimately broadening participation in the field.
